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20.  A— TWACT  rCwifUwiM 


The  high  incidence  of  fatal  septicemia  associated  with  severe 


thermal  injxiry  is  believed  to  result  from  loss  of  immunocompetence. 


This  laboratory  has  been  able  to  identify  those  burn  patients  who  are 


at  greatest  risk  for  developing  fatal  sepsis  by  detecting  the  loss 
of  certain  immune  functions  by  cells  of  these  patients.  Direct  burn 


induced  immune  dysfunction  can  result  from  aberrations  in  any  of  the 
three  general  types  of  leukocytes  which  cooperatively  mediate  the 
generation  of  immune  function.  These  three  leukocyte  subpopulations 
are  the  antigen  specific  bone  marrow-derived  (B)  cell,  the  antigen 
specific  thymus-derived  CTl  cell ,  and  a  third  extremely  heterogenous 
population  of  leukocytes-  the  monocyte  or  macrophage  CM0) . 


This  report  describes  the  results  of  this  year's  experiments  to 
reduce  the  post  burn  incidence  of  fatal  sepsis  by  (1)  rapidly  identi¬ 
fying  and  segregating  those  individuals  that  are  at  greatest  risk  of 
sepsis;  (2)  delineating  the  nature  of  the  burn  induced  immune  defect; 
and  C3)  characterizing  those  mechanisms  by  which  thermal  injury 
causes  immune  aberrations.  Understanding  of  these  mechanisms  may  al¬ 
low  development  of  far  forward  prophylactic  measures  which  could  pre¬ 
vent  thermal  injury  from  inducing  immune  defects.  Experimental  data 
derived  from  our  patient  studies  have  allowed  us  to  develop  assays 
for  detecting  early  immune  anomalies  and  to  delineate  the  cell  type{.s) 
involved  in  these  aberrations.  Our  murine  model  has  been  primarily 
utilized  to  characterize  the  mechanisms  by  which  thermal  injury 
causes  the  development  of  immune  defects. 


The  research  for  this  contract  year  has  focused  on  burn  in¬ 
duced  alteration  in  monocyte  (M0)  function  which  occurs  within  the 
first  2-4  days  post  injury.  We  postulate  that  it  is  these  early 
changes  in  M0  activities  that  unbalance  the  immune  network  away  from 
immunocompetence  and  toward  excessive  regulation  and  hypo immunity . 

The  monocyte  population  appears  to  be  divided  into  facilitory 
and  inhibitory  subsets  just  as  the  T  lymphocyte  population  is  segre¬ 
gated  into  helper  and  suppressor  cells  (  1-3).  A  complex  recipro¬ 
cal  interaction  occurs  between  facilitory  M0  and  T  helper  cells  (3,4  ). 

Recent  data  Indicates  that  a  similar  reciprocal  interchange  occurs 
between  inhibitory  M0  and  suppressor  T  cells  (  5-0  ) .  We  have  spent 
this  contract  year  devising  and  defining  assays  for  measuring  early 
M0  functions  and  determing  which  if  any  of  the  M0  activities  we 
monitor  are  correlated  to  M0  facilitory  or  M0  inhibitory  immune 
functions.  The  monocyte  functions  as  well  as  the  immune  functions 
of  thermally  injured  patients  are  assessed  every  3  days  from  admis¬ 
sion  to  release  or  d&nise.  Alterations  in  these  M0  activities  are 
determined  in  comparison  to  the  patients*  own  initial  M0  activity 
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level  and  to  the  established  "norraal"  level.  The  patients'  mono¬ 
cytes  are  r.;.nitored  for  their  production  of  plasminogen  activator 
(PA)  ,  tissue  procoagulant  factor  (TF)  and  lysocyne  (Ly)  .  t'ijS  plas¬ 
minogen  activator  production  has  been  suggested  as  paralleling 
facilitory  activity  in  murine  systems  (  9,10  ).  We  have  examined 
the  correlation  of  human  facilitory  M0  activity  to  MJ?  PA  production. 
High  level  TF  generation  is  an  aberrant  monocyte  activity  not  seen 
in  normal  human  M0  populations.  Lysozyme  synthesis  is  a  general  in¬ 
dicator  of  M.0  viability  and  it  appears  to  be  unaffected  by  most 
specific  inhibitory  cells  or  molecules  (  11) . 

We  have  previously  reported  that  there  is  an  aberrant  increase 
in  inhibitory  M0  after  severe  trauma  and  splenectormy  (  12,13  ).  Any 
rise  in  inhibitory  M0  (inhib  Mj3)  would  severely  depress  immunocon- 
petenca  since  inhib  M.0  prevent  the  proliferation  of  T  helpers,  B 
cells,  and  also  interfere  with  facilitory  M0  activity.  Consequently, 
monitoring  of  burn  patients'  Mj2(  functions  would  contribute  not  only 
to  evaluation  of  the  patients '  immune  status ,  but  also  to  determina^s 
tion  of  how  burns  mediate  decreased  immunocompetence. 


Methods 


Hiiman  studies 


Patients  with  greater  than  30%  full  thickness  burns  are  the 
primary  donors  of  abnormal  leukocytes.  Leukocytes  are  obtained 
by  venipuncture  from  consenting  patients.  Normal  volunteers  are 
donors  of  control  human  leukocytes.  Appropriate  safety  precautions 
are  always  observed.  Minors,  prisoners,  pregnant  women  and  the 
mentally  handicapped  are  excluded  as  donors.  Mononuclear  cells  are 
isolated  from  the  peripheral  blood  (PB)  by  Ficoll-Hypaque  gradient 
centrifugation  (  14  ) .  Patient  mononuclear  populations  can  be 
further  depleted  of  T  cells,  monocytes  and/or  B  cells.  The  T 
lymphocytes  are  depleted  by  removing  the  cells  binding  to  neuramini¬ 
dase  treated  sheep  red  blood  cells  (SRBC)  on  a  Ficoll-Hypaque  grad¬ 
ient  (  15  ) .  Monocytes  are  removed  by  passing  the  mononuclear 
population  over  Sephadex  G-10  columns  (  16  ) .  The  B  cells  can  be 
removed  by  nylon  wool  filtration  of  the  cell  population  (  17  ) . 

We  monitor  the  ability  of  patient  and  normal  mononuclear  cell 
populations  to  respond  to  phytohemagglutinin  (PHA)  (  18  ) .  This 
non-specific  mitogen  response  requires  the  cooperative  interaction 
of  monocytes  and  T  cells  (  19  ) . 

Monocytes  (M^f)  are  isolated  from  the  Ficoll-Hypaque  purified 
mononuclear  cell  populations  by  the  Ackerman  and  Douglas  rapid  ad¬ 
herence  technique  (  20  ) .  These  isolated  monocytes  are  then  ex¬ 
amined  for  the  production  of  PA,  their  level  of  tissue  procoagulant 
factor  (TF)  activity  and  their  synthesis  of  lysozyme.  In  the  PA 
fissay,  patients'  and  norraal  controls'  isolated  Hfi  are  placed  onto 
125i-fibrin  plates  and  cultured  18  hours  either  in  the  presence  of 
acid  treated  fetal  bovine  sera  (AT-FBS)  or  soybean  trypsin  inhibitor 
(SBl) ,  an  inhibitor  of  plasmin.  After  all  the  PA  is  released  in 
these  cultures,  the  cells  are  washed  and  fresh  AT-FBS  media  or  SBI 
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media  is  added  for  an  additional  24  hour  incubation  period.  The 
amount  of  fibrinolysis  initiated  during  this  second  incubation 
period  is  then  measured.  Monocyte  numbers  have  been  adjusted  to 
produce  approximately  25-35  fibrinolytic  units  for  normal  indivi¬ 
duals  (4  X  105  isolated  M0) .  Simultaneous  to  our  assessment  of 
burn  patients  monocyte's  PA  synthesis,  we  also  assay  their  pro¬ 
duction  of  TF  and  lysozyme.  TF  production  is  measured  using  the 
Rickie's  assay  and  lysozyme  production  is  measured  using  the  Schill 
and  Schumacher  Lysozyme  Plate  test  (21,22) .  Human  mononuclear 
cells  are  separated  into  T,  B  or  M0  subpopulations  and  the  inter¬ 
action  between  these  subpopulation  is  evaluated.  T  cells  are 
segregated  and  isolated  by  formation  of  rosettes  with  SRBC  (15  )  . 

The  effect  of  suppressor  T  cells  or  of  inhibitory  M0  is  assessed 
by  mixing  purified  autologous  cell  populations  and  assessing  the 
effect  of  one  cell  type  (i.e.  suppressor  T  cell)  on  another  cell 
population's  function. 

We  have  detected  burn  induced  aberrations  in  the  immune  regula¬ 
tory  functions  of  patients'  cells  using  a  modification  of  the  clas¬ 
sical  mixed  lymphocyte  response  (MLR) .  In  our  MLR  system  a  highly 
responsive  combination  of  cells  from  two  normal  individuals  are 
cultured  in  a  "one  way"  MLR  (  33  ) .  In  this  assay,  one  group  of  the 
normal’s  cells  are  pretreated  with  mitomycin  C  (MC)  to  prevent  their 
division  (IS  ) .  Consequently,  this  "one  way"  MLR  assay  measures  the  a 
bility  of  one  group's  normals  cells (Responder=R)  to  proliferate  in 
response  to  the  foreign  histocompatibility  antigens  on  another 
normal's  cells  (£timulator=S) .  We  compare  the  effect  of  adding 
either  burn  patient  cells  or  MC  treated  responder  cells,  on  the 
amount  of  proliferation  in  the  MLR  cultures. 

Data  Calculation  and  Statistical  Analysis 

The  data  presented  for  patient  and  normal ' s  PA  production  is 
always  from  the  second  incubation  interval.  All  supernate  CPM's 
of  ^^^I-fibrin  are  corrected  for  media  and  non-specific  radioactivity 
release  by  subtraction  of  CPM's  from  no  cell  controls.  The  CPM's 
of  i25i_fibrin  in  the  supernates  from  the  lines  containing  cells 
in  100  ug  SBI  are  subtracted  from  the  CPM's  of  lines  containing  the 
cells  in  AT-FBS.  This  corrects  for  any  ^^^j-fibrin  lysed  by  other 
than  plasmin  mediated  mechanisms.  This  corrected  AT-FBS  CPM  is 
then  divided  by  the  total  i25i-fxbrin  CPM's  present  to  derive  the 
percent  specific  plasmin  mediated  lysis.  This  value  is  computed 
for  patient  cells  collected  every  four  days  post  injury.  The  mean 
and  standard  deviation  of  PA  production  by  M0  from  43  normal  indi¬ 
viduals  tested  repeatedly  was  25  i  8.4,  and  their  own  initial  (day 
1)  values.  A  Student's  T  test  was  used  to  determine  significant 
differences.  The  TF  activity  of  sonicates  from  105  m0  was  calculated  in 
thromboplastin  equivalent  units  by  comparison  of  the  shortened 
thromboplastin  time  to  a  control  brain  thromboplastin  standard  curve. 

Human  peripheral  blood  mononuclear  cell  populations  differ 
from  individual  to  individual  in  their  percentage  of  M0,  T  and  B 
cells  and  their  degree  of  immune  reactivity.  Human  immune  func¬ 
tions  have  been  suggested  as  being  controlled  by  immune  response 
genes  analogous  to  those  described  in  animal  systems  (  24,  25). 


Consequently,  the  "normal"  levels  of  M0  PA  production,  miLogcm 
responsiveness,  M0  TF  generation,  lysozyme  production,  and  M0  PG^'^ 
activity  vary  for  each  patient  and  within  the  normal  control  groups. 
The  baseline  levels  of  each  individual's  M0  and  T  cell  activites 
are  not  randomly  distributed.  Some  individuals  are  lov;  and  some 
are  high  responders.  This  nonbinomial  distribution  of  the  and 
T  cell  parameters  necessitates  the  use  of  non-parametr ic  statistics 
when  analyzing  patients'  data.  \<le  utilize  the  V.’ilcoxon  test  for 
evaluating  the  statistical  significance  of  alterations  in  patients' 
mitogen,  PA,  and  TF  assays.  We  utilize  Spearman's  correlation 
coefficient  for  determing  the  degree  of  interdependence  between  the 
various  M0  and  T  cell  parameters. 

Murine  experim.ents 

In  each  experiment,  Balb/k  or  C57BI/6  inbred  mice  of  16-18 
weeks  of  age  are  obtained  from  the  Diablo  Mouse  Colony  at  the  Uni- 
verslr.y  of  California  at  Berkeley.  Under  light  Metofane  anesthesia, 
littermate  mice  are  shaven  and  then  divided  into  two  groups.  One 
group  receives  a  10-20%  scald  burn  with  920C  water  for  5  seconds 
(experimental  mice)  while  the  second  group  is  not  burned  (sham- 
control  mice) .  At  specific  times  after  injury,  2-4  mice  from  each 
group  are  sacrificed.  These  animals'  spleens  are  removed,  teased 
into  single  call  suspensions  and  cultured  in  vitro  with  sheep 
erythrocytes  using  a  raodification  of  the  Mishell-Dutton  culture 
tech.nique  (26  }  .  we  monitor  thermal  injury  effects  on  immuno- 

compatence  by  mc-asuring  the  formation  of  specific  antibody  forming 
cells  (AFC) .  This  system  facilitates  detection  of  cell  immuno- 
regulatory  interactions. 

Monocytes  and  or  T  leukocytes  are  depleted  or  isolated  from 
the  burned  mice.  Purified,  syngeneic,  normal  or  control  leukocytes 
are  added  to  these  depleted  thermally  injured  populations.  In 
this  manner,  normal  monocytes  or  T  cells  are  supplied  to  the  im- 
munodepressed  burned  mouse's  cells.  These  experiments  examine 
whether  supplying  normal,  functional  M0  or  T  cells  restore  the 
ability  of  the  thermally  injured  leukocyte  population  to  generate 
normal  numbers  of  specific  AFC.  Monocytes  are  depleted  from  leuko¬ 
cyte  populations  according  to  the  method  of  Ly  and  Mishell  (16  ) . 

T  cells  are  lytically  removed  from  leukocyte  populations  by  treatment 
of  the  splenocytes  with  anti-T  cell  antisera  and  complement  (27  ) . 

Leukocyte  populations  are  depleted  from  splenocyte  populations  by 
passing  the  cell  preparations  over  nylon  wool  columns  (17). 

These  nylon  wool  columns  remove  M0  as  well  as  B  cells. 

The  ^  vitro  generation  of  AFC  is  assayed  using  the  slide  modi¬ 
fication  of  the  Hemolytic  Plaque  Assay  (28).  Leukocyte  recovery 
from  cultures  is  determined  by  counting  a  sample  of  the  harvested, 
cultured  cells  on  a  Coulter  Counter  (Model  ZH) ,  The  number  of  AFC 
are  calculated  for  each  pool  of  duplicate  background  plaques  and 
expressed  as  AFC/10°  recovered  spleen  cells.  Allogeneic  condi¬ 
tioned  media  is  produced  as  described  (29).  In  order  to  augment 
M0  function,  2-mercaptoethanol  (2MEI  is  sometimes  added  to  cultures 
at  a  final  concentration  of  5  x  10“^  M. 
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Results  and  Discussion 


This  contract  year,  we  have  monitored  post  burn  alterations 
in  8  patients  in  the  20  -  55  year  age  group  who  sustained  greater 
than  30';;  3rd  degree  burns.  Of  this  group,  two  patients  succumbed 
to  overwhelming  sepsis.  One  patient  survived  8  days  post  injury 
and  the  other  16  days.  Only  cells  from  those  two  burn  patients  who 
ultimately  developed  septicemia  exhibited  any  reduced  M0  PA  and 
depressed  mitogen  responsiveness.  The  data  from  one  of  these  burn 
patients  is  illustrated  in  Fig.  1.  As  can  be  seen,  there  appears 
to  be  a  direct  correlation  betweeen  PHA  mitogen  hyporesponsiveness 
(a  measure  of  M0  -  T  immune  cooperation)  and  depressed  M0  PA 
responses.  However,  two  patients  represent  too  small  a  group  to 
convincingly  establish  that  M0  PA  function  reflects  M0  immune  facili- 
tory  activity.  Consequently,  we  examined  the  correlation  between 
M0  PA  and  M0  facilitory  functions  in  another  severe  trauma  patient 
group  where  we  have  larger  patient  numbers. 

We  have  examined  the  immunocapacity  of  20  patients  who  sustained 
splenectomy  for  trauma.  Fourteen  of  these  patients  were  studied 
every  3  days  for  greater  than  20  days.  As  a  first  step  in  employing 
the  PA  assay  as  a  system  for  monitoring  patient  M0  function,  we 
extensively  examined  the  M0  PA  responses  of  22  normal  individuals. 
Each  individual  was  repeatedly  assayed  (4-12  tested)  over  a 
6  monrh  period  to  evaluate  the  variability  in  normal  human  M0 
responses.  Table  1  summarizes  these  results  and  includes  the 
simultaneously  assayed  PHA  responses  of  these  individuals.  Although 
the  .M0  PA  response  of  murine  cells  seems  to  parallel  facilitory 
M0  activity,  this  relationship  has  not  been  demonstrated  in  human 
cell  populations.  We  chose  to  examine  the  relationship  between 
M0  PA  and  M0  facilitory  function  in  the  splenectomized  trairaa 
patient.  Because  of  the  number  of  splenectomized  patients  available 
we  were  able  to  examine  a  greater  number  of  individuals  who  might 
exhibit  M0  defects  over  a  shorter  time  period.  V7e  are,  however, 
continuing  to  study  the  correlation  between  M0  PA  and  M0  facilitory 
immune  function  in  each  severely  burned  patient  admitted. 

Out  of  the  fourteen  splenectomy  trauma  patients  examined,  7 
individuals  experienced  a  significant  (p  <0.005  by  Wilcoxon)  depres¬ 
sion  in  their  M0  PA  function.  These  data  are  illustrated 
in  Figure  2a  and  Figure  2b.  Seven  individuals  experienced  no 
significant  alteration  in  their  PA  response.  Six  of  these 
patients'  M0  PA  data  are  illustrated  in  Figure  2c.  The  peak  of 
M0  depression  in  these  splenectomy  trauma  patients  appears  at 
8-13  days  post  injury.  It  might  be  argued  that  the  loss  of  the 
monocyte  PA  function  is  an  artifact  of  the  surgical  manipulation 
which  may  cause  a  migration  of  PA  producing  M0  to  other  sites  after 
splenectomy.  If  this  were  the  case,  one  would  expect  to  see  all 
patients  with  major  surgical  manipulation  show  this  same  depres¬ 
sion.  The  data  in  Figure  3,  illustrate  the  PA  response  of  three 
major  surgical  patients  over  time.  One  of  these  patients  is  a 
liver  resection  for  removal  of  a  hepatoma}  one  is  a  patient 
splenectomized  for  blunt  trauma  injury  and  the  third  is  a  patient 
who  underwent  severe  multiple  trauma  and  splenectomy.  Only  the 


splenectomized  multiple  trauma  patient  exhibited  a  decreased  PA 
response.  As  can  be  seen  in  Figures  4  and  5,  the  appearance,  of 
a  M0  defect  may  slightly  precede  the  development  of  PHA  hypore- 
sponsiveness .  Interestingly,  M0  production  of  TF  (a  normally 
minimal  function)  increases  in  trauma  patients  who  are  experiencing 
reduced  immunocoinpetence.  All  of  the  7  severely  injured  individuals 
who  experienced  depressed  M0  PA  responses  exhibited  PHA  hyporespon- 
siveriess  and  developed  septic  and/or  hypercoagulability  complications. 
None  of  the  seven  splenectomy  patients  whose  M0  PA  and  PHA  responses 
did  not  deviate  significantly  from  their  base  line  (p  >0.1  by 
Wilcoxon)  developed  nosocomial  episodes  or  coagulopathology . 

Table  2  illusrrates  the  correlation  of  PHA  hyporesponsiveness  to 
depression  of  the  M0  PA  response  for  all  14  of  the  splenectomized 
traur.a  patients.  As  can  be  seen,  these  two  host  defense  parameters 
are  highly  correlated  {rg=0.823).  As  portrayed  by  Figure  6, 
there  also  appears  to  be  an  excellent  correlation  over  time  between 
decreased  M0  PA  activity  and  PHA  hyporesponsiveness  in  these 
severely  injured  patients. 

One  explanation  for  the  loss  of  M0  PA  and  development 
of  PH.A  hyporesponsiveness  in  these  patients  could  be  that  overall 
M0  viability  cr  functionality  is  decreasing.  It  has  been  suggested 
that  post  injury  increased  steroid  concentrations  or  elevated 
levels  of  other  rcxic  metabolic  substances  are  cytolytic  for 
monor .’.clear  cells.  In  contrast,  our  own  hypothesis  is  that  the 
mononuclear  cells  are  not  destroyed  but  that  critical  regulatory 
balances  between  ceil  subsets  are  altered.  If  there  v;ere  a  general 
depletion  in  M0  viability  or  numbers,  then  all  M0  functions  should 
be  reduced.  VJe  have  monitored  not  only  M0  PA  but  also  M0  prod’cction 
of  T?  and  lysozyme  in  our  patient  studies.  M0  TF  generation  tends 
to  be  low  (ave  4.3  +  2.3  units)  in  normal  humans.  However, 

M0  TF  generation  can  be  increased  in  response  to  endotoxin  or 
C  split  products  (30,31).  Lysozyme  is  a  general  macrophage 
product  whose  production  appears  to  be  fairly  consistent.  As 
illustrated  in  Table  3,  we  examined  TF,  PA  and  lysozyme  production 
from  the  splenectomized  trauma  patients.  Those  patients  whose 
M0  exhibited  decreased  PA  functions  had  signif icantly  (p  <0.001) 
increased  TF  activity  (X  increase  =  +32  units)  and  unchanged 
lysozyme  production.  There  was  a  significant  negative  correlation 
between  increased  TF  and  decreased  PA  in  these  patients'  M0 
population  (rg  =  0.783)  . 

From  this  year's  work,  we  have  interpreted  our  patients  data 
as  indicating  the  following.  Decrease  of  patients'  M0  PA  function 
is  an  indicator  of  depressed  facilitory  M0  function  as  well  as 
reduced  fibrinolysis.  A  patient  with  such  reduced  host  defense 
capacity  is  at  increased  risk  of  both  septic  and  hypercoagulable 
complications.  The  loss  of  M0  PA  and  facilitory  function  are 
not  the  result  of  reduced  M0  numbers  or  M0  viability.  The  increase 
in  M0  TF  activity  reflects  a  metabol ically  active  and  viable  M0 
population  in  which  the  subset  ratio  has  been  shifted  away  from 
facilitory  M0  toward  another  M0  subpopulation  (inhibitory  ?) . 

We  do  not  know  if  the  inhibitory  M0  population. is  now  increased 
at  the  expense  of  the  facilitory  M0  subset.  production  is 
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the  meirker  for  the  inhibitory  M0  subset  (  32)  .  Experiments  are 
now  underway  to  determine  if  increased  M0  TF  activity  is  correlated 
to  augmented  M0  PGE2  production.  We  have  only  recently  instituted 
the  PGE2  radioimmunoassay  in  this  laboratory.  This  assay  (PGE2) 
will  play  a  large  part  in  our  experiments  of  the  coming  year. 

Another  aspect  of  burn  mediated  changes  in  imraunocompetence 
has  been  investigated  this  year.  We  have  previously  demonstrated 
that  burn  patients  who  are  predisposed  to  septic  death  developed 
excessive  T  suppressor  activity  (33  ) .  One  of  the  questions  that 
has  been  repeatedly  raised  about  this  data  is  what  relevance 
augmenced  suppressor  T  cell  activity  has  to  reduction  in  host 
defense.  Besides  the  obvious  disruption  of  the  immune  system, 
we  wondered  if  these  suppressor  T  cells  could  affect  host  defense 
activicies  that  are  normally  considered  "inflammatory  functions." 

T  suppressors  are  known  to  inimically  effect  M0  facilitory 
immune  function.  It  is  possible,  therefore,  that  these  T  suppressors 
could  depress  M0  inflammatory  activities  such  as  PA  production  and/or 
production  of  factors  which  control  PMN  migration  and  maturation 
(CSF,  IJi?} .  In  the  following  set  of  experiments  we  artificially 
generaued  (Con  A  stimulation)  suppressor  T  cells  in  normal  hirnan 
PB  moronuclear  populations.  We  then  tested  the  ability  of  these 
Tg  to  depress  P,/  ?A  function,  M0  TF  function  and  lysozyme  pro¬ 
duction.  As  portrayed  in  Table  4,  the  addition  of  Con  A  T^  to 
purified,  isolated  monocytes  significantly  reduced  their  ability 
to  produce  PA.  Addition  of  cultured  norm.al  cells  or  fresh  normal 
cells  had  no  such  depressive  effect.  The  data  in  Table  5  demonstrate 
that  this  depression  of  M0  function  is  mediated  by  the  added  Tg  not 
by  any  addition  of  inhibitory  M0  or  by  a  dilution  of  the  M0  popula¬ 
tion.  As  can  be  seen  in  Table  6,  the  Con  A  Tg  did  not  adversely 
affect  M0  TF  or  lysozyme  function.  These  data  indicate  that  Tg 
can  specifically  depress  one  M0  subset  without  disrupting  the 
function  of  other  M0  subsets.  The  data  also  indicate  that  T^ 
have  the  ability  to  interfere  with  the  pathways  of  the  inf laimaarory 
system  as  well  as  the  specific  immune  system.  These  data  support 
our  hypothesis  that  it  is  the  monocyte  connections  between  the 
specific  and  the  nonspecific  inflammatory  systems  that  are  most 
vulnerable  to  excessive  regulation.  The  data  also  strengthen 
our  contention  that  alterations  in  the  functions  of  these  inter¬ 
connecting  M0  can  adversely  affect  the  function  of  both  host  de¬ 
fense  systems.  Therefore,  it  is  critical  to  investigate  the  role 
of  inhibitory  M0  in  these  Tg  ^  facilitory  M0  interactions  and  to 
determine  which  M0  functions  in  both  the  specific  immune  and  the 
inflammatory  system  can  be  depressed  by  regulatory  T  cells. 

In  order  to  explore  some  of  these  M0  -  T  cell  interactions 
after  thermal  insult,  we  need  to  utilize  animal  models.  Our 
standard  murine  model  has  produced  some  interesting  data  relating 
the  loss  of  M0  PA  function  to  the  development  of  immune  aberrations 
in  the  AFC  response.  These  data  are  summarized  in  Table  7. 

As  can  be  seen,  these  data  suggest  that  M0  PA  dysfunction  precedes 
the  development  of  immune  hyporesponsiveness .  .We  are  presently 
using  cell  mixing  experiments  to  determine  at  what  post  trauma 
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period  each  cell  dysfunction  first  appears.  We  wish  to  deteiiniro 
if  a  M0  dysfunction  precedes  Tg  development  which  then  intensifies 
the  K0  dysfunction.  We  are  delineating  when  (if  ever)  augnientrd 
inhibitory  M0  activity  appears  after  thermal  insult  and  what  the 
consequences  of  this  appearance  are  to  develop^ient  of  host  defense 
dysfunction. 

Characterization  of  how  burns  initially  trigger  M0  dysfunction 
is  a  major  focus  of  this  laboratory's  experimentation.  As  detailed  in 
Introduction,  considerable  data  has  been  recently  accumulated 
demonstrating  an  interrelationship  between  elevated  steroid  con¬ 
centrations,  increased  M0  PGE2  production,  agumented  suppressor 
T  cell  activation  and  depressed  facilitory  M0  function  (  5-8  ). 

This  laboratory  has  recently  introduced  an  adrenalectomized  guinea 
pig  mcdel  to  investigate  the  interrelationship  between  these 
activities  and  their  alterations  after  thermal  insult.  The  guinea 
pig  is  an  optimal  model  for  steroid  studies.  Cortisol  is  the 
major  glucocorticoid  produced  by  both  man  and  guinea  pigs. 
Additionally,  both  the  guinea  pig  complement  cascade  system 
and  immune  system  are  well  described  and  have  been  found  to  be 
very  similar  to  those  of  humans.  The  adrenalectomized  guinea 
pig  model  we  are  utilizing  is  described  in  a  publication  we  are 
submitting  to  Endocrinology. 

Our  expanded  assay  systeias  for  assessing  M0  function  and 
examining  steroid  and  PGE2  effects  enable  us  not  only  to  monitor 
patients'  host  defense  status  but  also  to  probe  the  mechanisms 
by  which  burns  cause  reduced  host  resistance. 


Conclusion 


'In  summary,  our  laboratory  has  produced  substantial  data 
indicating  that  140  dysfunction  does  appear  in  those  severely  burned 
patient  who  will  eventually  develop  severe  or  fatal  septicemia 
This  *40  dysfunction  is  characterized  by  a  loss  of  M0  PA  production 
and  a  rise  in  M0  TF  generation.  Loss  of  patient  .M0  PA  function 
appears  to  correlate  to  a  development  of  T  suppressor  cells  and 
mitogen  hyporesponsiveness,  M0  PA  appears  to  be  a  property  of 
the  facilitory  140  subset  and  to  be  a  marker  for  facilitory  M0 
functionality.  The  data  from  our  human  systems  also  suggest  that 
once  excessive  T  suppressor  cells  are  activated  after  thermal  injury, 
they  can  then  further  disrupt  vital  facilitory  M0  functions.  Our 
data  from  the  murine  system  supports  the  concept  that  unbalancing 
of  the  immune  network  toward  too  much  regulation 
suppressor  T  cells)  is  preceeded  by  and  probably 
depressed  monocvte  facilitory  immune  function.  « 

r 


(ie,  increased 
a  result  of 


-9- 


tasle  I 

on  ir.  PH,-\,  ?A.,  Tr,  Anc  Ivso/yme  response  ceia.neters  of  0  j;iA, .or  •'C  i.r^rr. 
different  normai  inaiiricudis  . 


ficrnals 

PHA 

A  ve  i  c 

PA 

f%  ."ibr 

clys 

in¬ 

is) 

T.hrocn. 

Unit 

h:vT  . 

s 

r':ii 

ts 

•e 

2  4  ,  3  f? 

7,359 

73.3 

4- 

0.2 

5 . 0 

2.5 

11.9 

+ 

2.3 

Zr. 

6  r,  -ia 

5,763 

?0.1 

2.  1 

4 . 3 

0.3 

9.9 

+ 

C  -  7 

r  i:- 

3Z,  3  5 

1,613 

17.6 

4- 

0.1 

4.5 

1.3 

11.3 

+ 

1.0 

yr 

61 ,4:' 

3-426 

26.3 

+ 

7 . 2 

3.3 

•r 

2.8 

12.5 

X 

2.7 

53.564 

* 

2,238 

28.  3 

2.  1 

7.4 

■r 

3.3 

9.2 

X 

2.4 

~~ 

— 

4  5  .  2  r  r 

t- 

3,395 

13.  7 

r. 

X.4 

7.6 

•x 

3.4 

7.5 

1.1 

'•:h 

3  5  7  7S 

■P 

1,2  35 

19.3 

4- 

1.3 

4.8 

+ 

0.5 

3.5 

+ 

2.9 

— 

— 

oc 

i2  .1*3 

1,014 

?  6 . 4 

t 

2.2 

3 .  o 

2.4 

BT 

53 , 6  •  ’ 

J. 

2,024 

26.5 

2.4 

1. 1 

t 

0.1 

0.0 

+ 

3.4 

p.\-i 

4  9,246 

1 

309 

26.1 

2.3 

S  2 

i 

•5  > 

15.7 

t 

2.S 

GS 

57,963 

3,339 

23.1 

4. 

2.5 

2.7 

4- 

2.2 

10.0 

X 

1  . 

MT 

92 , 694 

•+■ 

6,739 

26.0 

+ 

2.7 

2.3 

l.S 

9.4 

X 

3.0 

DC 

46,047 

4,522 

25.  5 

J. 

2.1 

6.8 

X 

3.7 

10.6' 

X 

2 . 7 

JM 

4  6,253 

> 

3,372 

25.2 

1.5 

2,6 

X 

1,5 

tM 

83,001 

6,394 

30.9 

3.3 

5.2 

+ 

2.6 

10. 3 

+ 

>  •  4 

W 

27,444 

+ 

2,845 

13.8 

A 

2.1 

2.6 

+ 

L.9 

4 . 0 

X 

1.2 

\y. 

92.235 

+ 

8 , 305 

25.4 

i. 

3.7 

2.9 

2.5 

12.0 

+ 

2.8 

34,144 

1,003 

19.5 

X 

1.-3 

6.  1 

1.5 

FO 

.35,366 

3,. 06  3 

23.9 

4- 

3..'. 

7.4 

+ 

3.7 

8.4 

X 

3.4 

Cl? 

32,355 

2,25  3 

17.4 

X 

2.8 

6 .  ** 

X 

1.3 

11.5 

X 

2.  1 

c.'l 

72, 4i 3 

+ 

1,516 

21  .4 

+ 

3.4 

6.7 

X 

2.8 

6.6 

1 

2.5 

65,42? 

T 

1,76! 

24.6 

+- 

3.5 

2.7 

4- 

1,5 

f 


t  u 


V 


^'c  rreiat!.on‘'  or  Deceosed  Qcytc.-  Ac-t  i  v  It  y  tu  :ji-or:-v 
of  the  Sa.ne  ar  Ct?  ‘  J  j  1 1  r  ;  o:;  .  ' 


Spie-e,  ^„.ny 

Patient 

PlIA  resi.i.nsf 

M  Lnii-nu-T.  j 

on  day  or  lowest’^ 

?.A  response 

PA  activity 

M 

i'  i  r  . 

:■  -  r:.- 

(A) 

(B' 

(O' 

BF 

1 

35 

35 

11 

36 

34 

RX 

11 

42 

37 

SM 

13 

4fi 

44 

7 

18 

IE 

CM 

9 

37 

35 

SC 

12 

40 

33 

s  z 

31 

S4 

84 

B.w 

22 

37 

87 

KM 

25 

78 

70 

BO 

20 

S3 

82 

Ml 

22 

8S 

85 

JM 

29 

79 

77 

Kc 

21 

35 

85 

"Correlation 

between  Column  (A)  and  Colurn  (B)  detamir.-ad 

c 

Spearman's  rank 

correlation 

coefficient  rs  -•  0.823  (p  <0.001 

»  3 

tailed ) 

Colu.n-n  ;a)  arid 

(C)  are  also 

correlated  to  the  same  decree. 

bw 

yc'-xcyttii’  v 

ere  isolated 

from  the  mononaclear  call  pooi’J.n 

zion 

ass-s. 

ed  in  t.he  P.H.A  assay. 

c 

Lowest  VA  response  in  9 

fibrinolysis  of  4  x  10^  isolated 

ror. 

oevts? 

collacta’.  during  the  S-15  clays  oo-t  injury  interval. 

^?HA  response  o.  mononuclear  cell  population  at  tin-e  PA  response  va 
lowest.  PHA  data  as  percent  ot  b.eseline  response. 

^Tiie  po-st  injury  day  of  mi.nimal  ph.a  responsiveness  often  did  rot 
coi.-.cide  with  the  day  of  lowest  PA  actlvitv,  but  occurrt;ci  2-3  davs  pns 
trauma  later. 


-.11" 


I 


TABLE  3 
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TF  and  lysozyTne  para^natars  of  T.onocyces  fro.n  splenectomy  oatients. 
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production  of  plasminogen  activator  In  fibrinolytic  units 
!.  -  peripheral  blood  mononuclear  cells 


CON  A  INDUCED  SUPPRESSOR  T  CELLS  ARE  MEDIATING  LOSS  OF  M0  PA  FUNCTION 
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decreased  68%  increased  2.6  units  Increased  7  unit 


Table  7 


Coispariscn  of  Altered  M0  PA  Activity  to  Depressed 
AFC  Response  in  Burned  Mice 

Day  post  injury  ^  _JL  _i  5  6 

%  Sh=n  PA  55  38  56  69  94 

%  Sham  AFC  90  80  55  45  32 


FIGaRE  1 


POST  INJURY  CHANGES  IN  LYMPHOCYTE  AMD 
MONOCYTE  ACTIVITIES  AFTER  SEVERE 
THERMAL  TRAUMA 


DAYS  POST  INJURY 


FIBRINOLYSIS 


FIGURE  2 


ALTERATION  IN  PA  FL^NCTION  IN  14  PATIENTS  AFTER  SEVEP-E  TRAUMA 


V 


DAYS  POST  INJURY 


FIGURE  3 


COMPARISON  OF  PA  PRODUCTION  IN  THREE  PATIENT 
AFTER  MAJOR  SURGICAL  MANIPULATION 


TF  EQUIV 
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